Experimental coronary occlusion is accompanied by an acute impairment of the baroreceptorheart rate reflex. This study was planned to determine whether this impairment also occurs in humans. In 30 patients admitted to a coronary care unit for an anterior (n = 14) or inferior (n=16) transmural myocardial infarction (MI), we measured 1) the increase in RR interval induced by stimulating carotid baroreceptors through progressive reductions in neck chamber pressure, 2) the increase in RR interval induced by stimulating arterial baroreceptors through intravenous boluses of phenylephrine, and 3) the reduction in RR interval induced by deactivating arterial baroreceptors through intravenous boluses of nitroglycerin. Measurements were performed 49.5 ±2.4 hours (mean± SEM) after the MI. The results were compared with those of five age-matched patients admitted to the coronary care unit for chest pain and found free from ischemic heart disease. The sensitivity of the carotid baroreceptor-heart rate reflex (slope of the linear regression of RR interval over neck pressure changes) was markedly less in MI than in control patients (3.8 ±0.5 vs. 5.9±0.6 msec/mm Hg, p<0.05), the reduction being similar in patients with anterior and inferior MI. This was the case also for the baroreflex sensitivity measured by the phenylephrine and the nitroglycerin methods (slope of the linear regression of RR interval over systolic blood pressure changes). However, 10.2±0.3 days later, the baroreflex sensitivity measured by all three methods increased significantly (p<0.05 or 0.01) and became similar to that of control subjects, which showed no significant change from the early to the late period after admission into the coronary care unit. Thus, MI is accompanied by an acute marked impairment of the baroreceptor control of the heart in humans, and this is the case both for an anterior and an inferior MI. The impairment is largely transient in nature, however, and a clear-cut recovery of the baroreflex can be seen a few days later. (Circulation 1990;81:939-948) E xperimental coronary occlusion or acutely induced damage of the myocardium is followed by an abrupt impairment of the baroreceptor control of the sinus node,1-4 which is still evident several weeks later.3 This is potentially harmful because baroreceptors increase and reduce vagal and sympathetic influences on the heart, respectively, thereby opposing the adverse effects of ischemia on the electrical stability of the myocardium.5-8 In patients with a previous myocardial infarction (MI), the Valsalva maneuver and the administration of vasoactive drugs cause small changes in heart rate.9-12 Furthermore, a recent study from our institution has shown that in some patients, injection of phenylephrine induced somewhat greater bradycardias months as compared with weeks after the occurrence of an MI.13 This suggests that MI impairs the baroreceptor control of heart rate in humans as well as experimentally, but that some recovery later appears.
Experimental coronary occlusion is accompanied by an acute impairment of the baroreceptorheart rate reflex. This study was planned to determine whether this impairment also occurs in humans. In 30 patients admitted to a coronary care unit for an anterior (n = 14) or inferior (n=16) transmural myocardial infarction (MI), we measured 1) the increase in RR interval induced by stimulating carotid baroreceptors through progressive reductions in neck chamber pressure, 2) the increase in RR interval induced by stimulating arterial baroreceptors through intravenous boluses of phenylephrine, and 3) the reduction in RR interval induced by deactivating arterial baroreceptors through intravenous boluses of nitroglycerin. Measurements were performed 49.5 ±2.4 hours (mean± SEM) after the MI. The results were compared with those of five age-matched patients admitted to the coronary care unit for chest pain and found free from ischemic heart disease. The sensitivity of the carotid baroreceptor-heart rate reflex (slope of the linear regression of RR interval over neck pressure changes) was markedly less in MI than in control patients (3.8 ±0.5 vs. 5.9±0.6 msec/mm Hg, p<0.05), the reduction being similar in patients with anterior and inferior MI. This was the case also for the baroreflex sensitivity measured by the phenylephrine and the nitroglycerin methods (slope of the linear regression of RR interval over systolic blood pressure changes). However, 10.2±0.3 days later, the baroreflex sensitivity measured by all three methods increased significantly (p<0.05 or 0.01) and became similar to that of control subjects, which showed no significant change from the early to the late period after admission into the coronary care unit. Thus, MI is accompanied by an acute marked impairment of the baroreceptor control of the heart in humans, and this is the case both for an anterior and an inferior MI. The impairment is largely transient in nature, however, and a clear-cut recovery of the baroreflex can be seen a few days later. (Circulation 1990 ;81:939-948) E xperimental coronary occlusion or acutely induced damage of the myocardium is followed by an abrupt impairment of the baroreceptor control of the sinus node,1-4 which is still evident several weeks later.3 This is potentially harmful because baroreceptors increase and reduce vagal and sympathetic influences on the heart, respectively, thereby opposing the adverse effects of ischemia on the electrical stability of the myocardium.5-8 could play a major role. Furthermore, no previous study has measured baroreflex sensitivity in MI patients by using more than one method of testing, although it is known that evaluation of baroreflex functions depends to some extent on the method used.15, '6 In the present study, we examined the baroreceptor-heart rate reflex [1] [2] [3] The arterial baroreceptor control of heart rate was studied by three techniques: 1) Phenylephrine was injected into an antecubital vein at a bolus dose (50 ,ug) sufficient to progressively increase systolic blood pressure for eight to 15 beats (maximum change, about 20 mm Hg) and increase the activity of the arterial baroreceptors. This induced a linearly related lengthening in RR interval, which allowed the slope of the linear regression of the RR interval over systolic blood pressure to be taken as the baroreflex sensitivity during baroreceptor stimulation.5,17 2) Nitroglycerin was injected into an antecubital vein at a bolus dose (100 gg) sufficient to progressively decrease systolic blood pressure for eight to 15 beats (maximum change, about 20 mm Hg) and reduce the activity of the arterial baroreceptors. This induced a linearly related shortening in RR interval, which allowed the slope of the linear regression of RR interval over systolic blood pressure to be taken as the baroreflex sensitivity during baroreceptor deactivation.517 3) The patients were fitted with a rigid-walled collar connected to a commercial vacuum cleaner. This allowed us to produce negative pressures around the neck, increasing carotid transmural pressure and selectively stimulating carotid baroreceptors.518 The negative pressure was applied in six separate steps ranging in magnitude from -7 to -40 mm Hg. Each step had a 10-second duration, and the steps were applied in a random order. The maximal lengthening in RR interval observed over the three beats following the neck pressure application represented the reflex response, and the slope of the linear regression of RR interval over neck pressure was taken as the carotid baroreflex sensitivity.
Protocol and Data Analysis
Thirty to 72 hours (mean, 49.5-+±2.4) after the occurrence of chest pain, the MI and control patients were subjected to intra-arterial recording of blood 
Baroreflex Sensitivity Early After Coronary Care
Unit Admission Baseline blood pressure and pulse interval were similar in MI patients and control subjects (Figure 1,  bottom) . The individual baroreflex sensitivities obtained early after CCU admission are shown in Table 2 , and average data from the control and the MI groups are shown in Figure 1 . In the MI group, average baroreflex sensitivity was 7.8+±0.9 msec/ mm Hg for the phenylephrine method, 4.3 +0.4 msec/ mm Hg for the nitroglycerin method, and 3.8+0.5 msec/mm Hg for the neck chamber method. These values were 37%, 49%, and 34% smaller than those measured in control subjects, and the difference was always statistically significant.
As shown in Figure 2 , in the early phase after CCU admission, blood pressure and RR interval were not significantly different in patients with an anterior and an inferior MI. The baroreflex sensitivity also was not significantly different between the two groups. Furthermore, no relation was found between baroreflex sensitivity and the MI size estimated by the CPK-MB values (r always less than 0.50). There was no correlation between baroreflex sensitivity and the time of the baroreflex study after the MI (r always less than 0.14). Finally, the average sensitivities were similar for the smaller group undergoing thrombolysis and the larger group that did not have this intervention (see individual data from Tables 1 and 2 ).
Baroreflex Sensitivity Late After Coronary Care Unit Admission
As shown in Figure 3 , in MI patients baseline systolic blood pressure and pulse interval increased significantly from the time of the early to the time of the late study. A similar trend was observed in control subjects although the differences did not achieve statistical significance.
The individual baroreflex sensitivities obtained late after CCU admission are shown in Table 3 , and the average data for the control and the MI group are shown in Figure 3 . In the MI group, the average baroreflex sensitivity obtained by the phenylephrine, the nitroglycerin, and the neck chamber methods were all significantly greater in the late than in the early period after CCU admission. The late study also was characterized by greater bradycardic responses to the different neck pressures applied as compared with the early period (Figure 4) . With all three methods, the increase in baroreflex sensitivity was not related to the change in baseline blood pressure and RR interval (r always less than 0.4).
In control patients, the baroreflex sensitivity never showed significant changes from the early to the late period after CCU admission ( Figure 3) . As a result, the differences between the control and the MI group observed early after CCU admission disappeared in the late stage.
Discussion
Our study provides the first evidence in humans that the heart rate control exerted by arterial baroreceptors is impaired shortly after a transmural MI. It also shows that the impairment involves the influence of both baroreceptor stimulation and deactivation. Finally, our observations demonstrate that the baroreceptor-heart rate reflex is altered to a similar Data are shown as correlation coefficients (r) and regression coefficients (slope) obtained by phenylephrine, nitroglycerin, and neck chamber methods (see "Methods"). Note that correlation coefficients were almost invariably high, indicating the linearity between the applied stimulus and the reflex response. extent in patients with an anterior and an inferior MI. This has important clinical implications. Because the baroreceptor influence on the heart is primarily exerted through the vagus, its depression may lead to a reduction in parasympathetic tone and in the fibrillation threshold of the myocardium.1920 It also may lead to an increased cardiac sympathetic drive,22' further compromising the electrical stability of the ischemic myocardium and increasing the myocardial oxygen consumption.2-5 This may extend the size of necrosis and contribute to the high rate of arrhythmias and mortality of the post-MI days.14 Indeed, the contribution to these phenomena of a baroreflex blunting may be even greater than that indicated by our observations if we consider that in an even earlier phase after the MI (the phase in which the dysrhythmic events are most frequent), the depression of the baroreflex might be more pronounced.
Three possibilities might explain the impairment of the baroreflex observed after MI. First, it can be argued that in the early post-MI phase, the baroreceptor stimulation induced by phenylephrine was It also can be argued that the impairment of the baroreceptor-heart rate reflex was due to the emotional stress experienced by the MI patients because during mental challenges, the sensitivity of the baroreceptor control of the heart is reduced.22,23 This is also unlikely, however, because baroreflex sensitivity was greater in control individuals subjected to similar stressful stimuli (symptoms, environment, etc). Control and MI patients also shared a similar period of bed rest, which rules out the possibility that this factor was responsible for the reduced baroreflex sensitivity of the MI group. The most likely explanation, therefore, is that the baroreceptor influence on the heart undergoes a true marked depression in the acute post-MI phase.
A second important result of our study is that the baroreceptor-heart rate reflex improved markedly only a few days after the MI and that at this time, it became similar to the baroreceptor-heart rate reflex of control subjects. ceptor cardiac control is limited to the acute post-MI phase and that its adverse contribution to the clinical condition of the patients is short-lasting. The small number of our control subjects, however, does not allow us to be sure that their baroreflex sensitivity reflected the normal baroreflex sensitivity value. Furthermore, as patients with an MI so large as to be accompanied by congestive heart failure were excluded from the study (because congestive heart failure impairs the baroreflex24), our data may not include the time-related modification of the baroreflex in most severe MIs. Thus, it cannot be excluded that despite showing an overall marked improvement, the baroreceptor influence on the heart does not regain full normalization in all MI patients. In a study in which the baroreceptor-heart rate reflex was examined nonin- As to the second question, the recovery of the baroreflex did not result from attenuation of an early heart failure condition because patients with this complication were excluded from the study. Nor was it due to the changes in blood pressure and heart rate occurring between the early and the late period after MI because these changes did not have any relation to the degree of baroreflex improvement. An additional possibility is that the cardiac receptor stimulation brought about by MI attenuated after the early post-MI phase because of 1) a reduction in the mechanical and chemical abnormalities of the heart affecting the receptor discharge,29'30 2) a receptor adaptation to the continuing stimulus,31 or 3) the loss of a considerable number of receptors in the necrotic area.32 This might terminate the adverse cardiac receptor influence on the baroreflex, favoring its return toward normal sensitivity values.
